A bi-functional polyphosphate kinase driving NTP regeneration and reconstituted cell-free protein synthesis.
Reconstituted cell-free protein synthesis systems (e.g., the PURE system) allow the expression of toxic proteins, hetero-oligomeric protein subunits and proteins with non-canonical amino acids with high levels of homogeneity. In these systems, an artificial ATP/GTP regeneration system is required to drive protein synthesis, which is accomplished using three kinases and phosphocreatine. Here, we demonstrate the replacement of these three kinases with one bi-functional Cytophaga hutchinsonii polyphosphate kinase that phosphorylates nucleosides in an exchange reaction from polyphosphate. The optimized single-kinase system produced a final sfGFP concentration (~530 μg/mL), beyond that of the three-kinase system (~400 μg/mL), with a five-fold mRNA translation rate in the first 90 minutes. The single-kinase system is also compatible with the expression of heat-sensitive firefly luciferase at 37°C. Altogether, the single-kinase NTP regeneration approach developed herein could expand future applications of cell-free protein synthesis systems and could be used to drive other biochemical processes in synthetic biology which require both ATP and GTP.